A DESCRIPTION of the effect of cobalt on chick cells in tissue culture and a preliminary report on the production of malignant tumours by cobalt in the rat have already been published (Heath, 1954a (Heath, , 1954b . Since then the remainder of the animals in the first series described in that report have either developed tumours or have died; a second series of rats has been similarly treated with cobalt and the animals kept either until tumours developed or until death. Animals in which tumours developed were killed when the tumours had reached a size beyond which suffering was likely to occur. This present paper gives the experimental details together with the pathological reports on the tumours and some cytological observations. The author is indebted to his colleague Dr. A. Glucksmann for the pathological examinations and reports.
MATERIALS AND METHODS
Two series of rats are described here: Series I injected with cobalt on July 17, 1953 and all killed for diagnosis or dead by November 9, 1955 (Table I) . Series II injected with cobalt on February 16, 1954 and all killed for diagnosis or dead by February 22, 1956 (Table II) .
In both series rats of the hooded strain, aged 2-3 months, were used for injection. Series I comprised 10 males and 10 females, and series II, 10 females. 0-028 g. of spectroscopically pure cobalt metal powder shaken into suspension in 0.4 ml. of fowl serum was injected into the thigh muscle of each animal of both series from the medial aspect of the leg, the left leg being used for series I and the right leg for series II. The cobalt powder was described as 400 mesh by the suppliers and on microscopic examination was found to consist of mainly rectangular particles of a somewhat laminated or fibrous appearance. The particle size ranged from 3.5 /I x 3-5 ,u to 17 It x 12 ,u with large numbers of long narrow particles of the order of 10 It x 4 1u. Clumps of particles measuring up to 100 It x 100 ,t were also present. In series I, 10 control rats were injected at the same site with 0 4 ml. fowl serum alone. In series II, 5 control rats were injected in the same site with 0*028 g. zinc powder in 0-4 ml. fowl serum and another 5 rats with 0-028 g. tungsten powder in 0-4 ml. fowl serum. It is seen that the tumours induced by the cobalt arose from the connective tissue present in the thigh muscle or from the striated muscle itself or from both. The sarcomata of these series are similar to those induced by many other carcinogenic agents. Malignant changes in muscle however are rare in experimental tumour induction and it is interesting that cobalt should have induced typical rhabdomyosarcomata in the rats. The malignant cells which appear to be derived from the striated muscle are elongated and vary considerably in width and still more in length (Fig. 2) . They may be multinucleated (Fig. 3) and mitoses are common. Many of the mitoses show abnormalities such as multipolarity, aberrant chromosomes, failure of the chromosomes to separate in anaphase, and polyploidy. The nuclei of the interphase cells vary greatly in size and shape; many are hyperchromatic and have abnormally large nucleoli. The presence of fine parallel longitudinal fibrils in the cytoplasm (Fig. 3) is interpreted as. an indication that these cells are rhabdomyosarcoma cells. They can readily be distinguished from those of striated muscle regenerating after simple trauma, for in these cells the nuclei are rather uniform in size, hyperchromatic and giant nuclei are absent, mitoses are rare and when observed appear normal. Such non-malignant regenerative changes in skeletal muscle have been described in the older literature and more recently by Le Gros Clark (1946) .
Close examination of sections of the cobalt-induced tumours fixed in Carnoy's fluid and stained with methyl green-pyronin reveals some mitotic cells with persistent nucleoli up to and including late metaphase (Fig. 4) , but unlike the experimental findings in the cobalt-treated cultures of heart tissue from 10-12-day-old chick embryos (Heath, 1954a) the tumour cells in stages of mitosis later than metaphase. This could be due in part to the improbability that any given section through a cell in anaphase or telophase would include both the chromosomes and the nucleoli; in a tissue culture all the contents of a particular cell can been seen at once and not, as in sections, only those structures which lie in a given plane. Giant cells are present in the tumours (Fig. 3, 5 ) but they are not of the same type as those observed in the cobalt-treated tissue cultures of chick heart and described previously (Heath, 1954b) . The tumour giant cells are of the type often encountered in sarcomata and display a large irregular nucleus or a collection of nuclei.
It is not yet known whether the cytological effects produced in vitro by the cobalt are forerunners of the cobalt-induced malignant change in vivo. Further experiments are now in progress to try to elucidate this point.
DISCUSSION
Various metals are known to be capable of inducing malignant tumours, including nickel (Hueper, 1952) , beryllium (Barnes, 1950) , arsenic (Pye-Smith, 1913; Currie, 1947) , chromium (Hueper, 1942) , and now cobalt. The experiments described in this report were undertaken because the changed cells produced by cobalt treatment of tissue cultures suggested a possible malignant alteration. The results obtained show that cobalt metal is capable of producing malignant tumours in the muscles of a high proportion of the rats treated, owing to neoplastic changes both in connective tissue and striated muscle. When it became evident that cobalt was a strong carcinogen, a search of the literature revealed that Schinz and Uehlinger (1942) had reported malignant tumours in two out of a number of rabbits injected intrafemorally with cobalt metal, although at the time this was unknown to the present author. One of these tumours was a spindle cell sarcoma at the injection site arising six years after injection, and the other, at a site remote from the injection, was a multiple adenocarcinoma of the lung with peritonea] metastases.
The results described in this paper must inevitably raise again the question of what is the causative agent of the high incidence of pulmonary cancer in the Schneeberg miners (Currie, 1947) (Currie, 1947) it now seems likely that the cobalt might also be held suspect as believed long ago by Osler and others (Currie, 1947) . It also seems desirable to re-investigate the possible carcinogenic hazards of inhalation of cobalt-bearing dusts by workers in industry. Some work on these lines with negative results in relation to the cemented tungsten carbide industry where cobalt is used as a cement has already been reported (Miller, Davis, Goldman and Wyatt, 1953; Lundgren and Swennson, 1953; Fairhall, Keenan and Brinton, 1949) .
SUMMARY
The production of malignant tumours in 17 out of 30 rats injected intramuscularly with pure cobalt metal powder is described. The tumours all occurred at the injection site and a high proportion of them were rhabdomyofibrosarcomata, the remainder being sarcomata of various types.
The relationship of these findings to previously described effects of cobalt on chick cells in tissue culture is discussed.
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